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Abstract
Background: The University of Mount Union has introduced new programs in Electrical and
Computer engineering. In a liberal arts college with unique curriculum requirements, it is
challenging to develop a new program in electrical and computer engineering. With several
university mandates such as only 4- and 2-credit hours courses only, and Integrative Core liberal
arts requirements, designing the new programs in engineering has been challenging.
Purpose: The purpose of this paper is to present the ongoing effort to develop new Electrical and
Computer engineering programs at the University of Mount Union. The program curricula are
unique as there are no 3-credit hour courses at the Mount Union. Hence, the curricula are
content-based as each course content has to be carefully determined.
Design and Methods: First, we describe the philosophy we applied in developing the curricula,
and then described the curricula themselves using concept diagrams. We point out where the
curricula are the same, where they are similar; and where they are distinctly different. Finally, we
present the overall plans for developing a comprehensive list of course offerings, course content,
acquisition of the necessary laboratory equipment and technologies, teaching software, as well as
a time-bound plan for phasing in the new courses every year.
Result: The preliminary result is that the first phase of the program's development is complete.
Students are currently enrolled in the programs. In the 2019/2020 academic year, all of the first
year to junior year courses have been developed and approved by the curriculum committee of
the University. The associated laboratories for the new courses are being developed on yearly
basis and are nearing completion. With the phased rollout of courses and laboratories, it is
expected that all of the laboratories will be fully functional by the 2021-2022 academic year.
Conclusion: The ongoing development of Electrical and Computer engineering programs at the
University of Mount Union is represented in this paper with the aid of concept maps and course
flowgraphs. The roll-out of the programs has been successful and work will continue until the
programs are accredited. Meanwhile, the curricula will continue to evolve in response to the
rapid pace of technological change, new demands from stakeholders, and new challenges of
remote teaching and learning due to the COVID-19 pandemic. We are confident that we can
work out any challenges and eventually make the programs successful.
Index Terms – curriculum development, concept diagrams, Integrative core, STEM

1. Background
The University of Mount Union (Mount Union) is a small private Liberal Arts college located in
North East Ohio, in the city of Alliance. The university is accredited by the Higher Learning
Commission, North Central Association. It offers approximately 50% of its program as
traditional liberal arts programs and 50% in professional or pre-professional areas. In 2010, the
University successfully introduced the Civil and Mechanical Engineering degree programs, and
both programs are currently fully accredited by the Accreditation Board for Engineering and
Technology (ABET). The School of Engineering continues to grow and is currently rolling out
three new programs in Electrical, Computer, and Biomedical Engineering. The approval for the
new programs was given by the Board of Trustees in 2017 and comprehensive plans were put in
place to design and implement the new programs.
Part of the initial plans was a time-bound roadmap for phasing in the new curricula and hiring
the appropriate faculty. The University has allocated a large sum of money for the development
of brand-new state-of-the-art laboratory facilities and the purchase of the necessary laboratory
equipment. The renovation of the physical laboratory facilities has been completed as well as
some of the equipment.
The laboratory will facilitate the hands-on experience for our students and enable the capstone
senior design project. Through these teaching laboratories, students of all experience levels will
be guided to acquire the necessary skills needed to be highly successful as an electrical or
computer engineer.
The initial assessment of the progress so far is very good. The 4-year plans for the degree
programs are now in place including course offerings, preferred laboratory equipment and
technology, and associated teaching software needed for the programs. Our role-out of course
content and laboratory experiments are currently under development. The first set of students
were admitted in the 2018/2019 academic year and they are expected to graduate at the end of
2021/2022 academic year. The programs are well received by the university community. Partly
because of the new programs, the School of Engineering has received the most inquiries from
prospective students in the university. (Request for Information from Mount Union. (2019)).
Another reason for the increased interest in Engineering at Mount Union is perhaps our four
pillars of exceptional engineering education and rigorous curricula. The mission and vision of the
Electrical Engineering (EEE) and Computer Engineering (CPE) programs are in line with the
School of Engineering's four pillars of exceptional education illustrated in Figure 1. For example,
in addition to satisfying the technical requirements of the engineering curriculum, our
engineering students at Mount Union are required to study abroad through a short, faculty-led
trip to work on field projects that address global engineering challenges. Students are exposed to
extensive hands-on, real-world engineering through laboratories, field experiences, internships,
undergraduate research, senior design capstone projects, and student competitions. Mount
Union’s strong roots in the liberal arts provide the student with a well-rounded education and
develop them into effective communicators who can think critically, solve complex problems
and create the next innovations that will move society forward more effectively and efficiently.

In the curricula, our students acquire business skills through studies and joint projects in
entrepreneurial skills, addressing customer needs, and project management skills, as well as the
application of business skills in their capstone design project.

Figure 1. Four Pillars of Engineering Education at the University of Mount Union.
In this paper, we present the highlights of the ongoing development of two new engineering
programs at Mount Union. This will include the curricula design, the challenges, and the planned
evaluation so far.
2. Curricula Design Philosophy
One of the challenges in curriculum design at university is the restriction to 2- and 4-credit hour
courses. Unlike many colleges in the USA, Mount Union does not have 3-credit hour courses.
All courses are either 2- credits or 4-credits. Unfortunately, this restriction imposes some
challenges in determining the appropriate number of courses and the sequences. If all courses are
assigned 4-credits, there will be a high credit hour requirement for graduation. The reverse is true
for 2 credit hour courses. Hence, an innovative approach is required to optimize a mix of 2 and 4
credit hour courses. Rather than focusing on traditional 3-credit hour courses, related course
contents were combined, prioritized, and then offered as a 4-credit hour course.
Given the above challenges, our design process involves the following:
1. A compilation of all the courses covered in typical EEE and CPE curricula.
2. Determination of the appropriate hierarchy and sequencing of the courses in the curricula.
3. A listing of the topical content of core courses, particularly topics that are new in the
sense that they address emerging technologies and hence are non-traditional.
4. Prioritization of the topics since covering everything may not be feasible.
5. An identification of the necessary laboratory technologies that would be needed to offer
the new courses so that the appropriate acquisition of laboratory equipment could be
addressed, and the attendant facilities set up; and
6. Identifying and listing of goals and objectives for each course in the curriculum, which
must be in line with the revised ABET accreditation criteria.
In our design, rather than offer a largely elective based program in which each student declares
an area of specialization, we provide broad-based exposure to the major areas within the
discipline, largely through required courses and very few electives. This is necessary for a new

program with a few students. In the future, as the number of students increases, the curriculum
can be revised with more electives.
The underlying philosophy was to expose students to a larger breadth of material through
required courses by reducing the numbers of elective courses. Although related, efforts are being
made to make the two degrees more distinct. By so doing, both EEE and CPE curricula have
been designed to reflect the continual evolution of both professions in the 21st century. To
understand the process of developing the curricula, concept maps are used to illustrate the
requirements and the thinking process.
3. Map Aided Design of EEE and CPE Curricula
The development of any curriculum follows a process. This process will be affected by some
mandated course offerings, regional or national academic obligations or mandates, requirements
by accrediting bodies, and sometimes what one can describe as local content. The local content
requires that the new programs be in line with existing university mandates.
Many STEM-based degree programs in the United States start with a common curriculum model
shown in Figure 2. This model consists of three main course groupings used in a generic
curriculum. The groupings are: (a) General Education courses, (b) Math and Basic Science
courses, and (c) Technical courses. This map can be adopted by any curriculum, where the local
content or the innovative nature of the program will determine the number of credit hours.

Figure 2. General STEM Style Curriculum Model
Any combination of courses could be inherited into each grouping to form a curriculum. A
possible adaptation for Mount Union is shown in Figure 3. For example, Mount Union requires
that students select from a set of courses known as Integrative Core (IC). This is the general
education equivalent (university graduation requirements), which is well known and strictly
enforced by the University for all programs. Although not part of the IC, students are also
required to take two Foreign Language courses. This is based on the University's history as a
liberal arts college.

Figure 3. General Education Course Model at the University of Mount Union

The IC “is a distinctive program designed to prepare students to meet the challenges of the 21stcentury world.” Integrative Core. (2019). The benefit of IC is that it guides students through
developing the ability to think across and within different disciplines, contexts, and cultures.
The IC consist of eight 4 credit hour courses (32 credit total) distributed as follows (Demarest,
K., Miller, J., Roberts, J., & Tsatsoulis, C. (2020)):
• One (1) First-Year Seminar which is taken the first semester;
• Four (4) Foundations Courses, one each from Humanities, Arts, Natural sciences, and
Social sciences (HANS), to be completed by end of the second year;
• Two (2) Explorations Courses to be taken during the junior year; and
• One (1) IC Capstone Course is taken during the senior year.
The IC requirements for the Mount Union is illustrated in Figure 4. Although not stated above,
the IC curriculum requires students to prepare and submit a Written and Oral Communication
(WOC) Portfolio, by end of 2nd year. The WOC is not a course but a graduation requirement.

Figure 4. Integrative Core Structure at the University of Mount Union
In the first year of the program, students are required to take two calculus courses, two physics
courses, one chemistry course, two introductory engineering courses, and two IC courses. The
traditional math and basic science courses also start from the first year. These courses are never
“really” used in the freshman engineering classes but are required as a prerequisite for courses
offered in the 2nd year and beyond.
The first-year engineering courses rely heavily on a student’s high school background in algebra
and trigonometry. Students are sometimes left with the impression that math and basic science
they are learning in their first year do not relate to engineering. Efforts to integrate engineering
applications using math and science is our goal in our first-year engineering courses. In one of
the first-year engineering courses, EGE 110 Introduction to the Engineering Profession, students
are taught the engineering design process and are required to design a product.
For all engineering programs, the course mapping for math and basic science is shown in Figure
5. This is typical and does not differ much from one school to another. This also is the required
minimum for ABET accreditation. In addition, the EEE and CPE students are required to take
one course on discrete mathematics.
4. Electrical and Computer Engineering Curricula
Following the concept diagram shown in Figure 2, the EEE and CPE curricula are summarized in
Figure 6. It shows the technical curricula course model for the new programs. This sequence

consists of a total of 134 hours, which can be completed in four years. Both EEE and CPE have
the same structure. They differ only in the individual courses chosen by the student in IC
requirements and the details of the technical courses. This mapping may be useful in advising
students, but it will do little for the students’ understanding of the pre-requisite requirements, and
what topical concepts are needed. To help ensure that the students understand the curriculum,
another form of the presentation described in Section 5 is needed.

Figure 5. Math and Basic Sciences Curriculum Model
The detailed curriculum diagrams for the EEE and CPE technical courses are shown in Figures 7
and 8, respectively. Both curricula are similar in structure but different in content. Notice that the
subgroup 5 is similar for both EEE and CPE, except for the listing of the Capstone courses,
whereas all other subgroups are different. This highlights the distinctive nature of the two
programs even though they are related (Demarest, K., Miller, J., Roberts, J., & Tsatsoulis, C.
(1995)). You may also observe that the technical subgroup for core EEE and CPE courses
requires 46 hours each. The general engineering requires the same number of credit hours
consisting of 7 courses totaling 20 credit hours. The rest of the courses consist of technical
electives.

Figure 6: EEE and CPE Curricula Structure
The technical course depicted in Figure 8, was guided by our belief that computer engineering
resides between pure electrical engineering and pure computer science, sharing elements of both
while having a distinct identity. The freshman courses offer the traditional science background,
an introduction to the engineering profession, and an introduction to engineering design and
analysis.

If a student is following the prescribed plan or timeline, sophomore would have finished the
math and science background courses, and cover circuits and digital systems. Up to this level, the
EEE and CPE curricula are almost identical. By the end of their third semester, electrical and
computer engineering students have acquired the fundamental mathematical, physical, and
electronics principles that will support their further studies. In other words, our CPE views the
electrical engineering-related courses (circuits, electronics, and their laboratories) as another kind
of necessary background, similar in value to the one offered by calculus or physics. For EEE and
CPE, the curricula are roughly common for the first two years, including courses in math, basic
sciences, circuits analysis, digital electronics, and programming.

Figure 7: Technical Courses Curriculum for Electrical Engineering
During their third year, the EEE and CPE curricula begin to diverge. Electrical engineering
focuses more on circuits, electronics, electromagnetics, power, control, and communications.
Computer engineering-oriented courses focus more on microprocessors, digital system design,
embedded systems, and computer systems engineering. At the same time, some remaining
fundamental courses are also taken (signals and systems and probability) by both EEE and CPE.
At the end of their junior year, the students have all the basic science and electrical engineering
background and all the software and hardware background needed for their final year.
In line with our four pillars of engineering education, the curriculum addresses the pillar of
Essential Business skills in multiple locations, starting with EGE 110 Introduction to the
Engineering profession during the first year where students are introduced to the Entrepreneurial
Mindset. This continues in the course EGE 120 Intro to Engineering Analysis & Design during
the first year when students work on joint projects with the Entrepreneurial Studies students. In
the junior year, students are exposed to customer needs, the business model canvas, and project
management through EGE 310 and MGT 495. The engineering capstone courses emphasize the
business skills students have learned throughout the curriculum and apply them to industrial
problems.

Figure 8: Technical Courses Curriculum for Computer Engineering
Similarly, the curriculum address the pillar of Effective Communication through the Integrative
Core (IC) Written and Oral Communication component, as well as throughout the engineering
courses and labs which emphasize laboratory reports, design reports, and technical presentations
from the sophomore year to the engineering senior capstone sequence.
Because of the national and international interest for engineering education to include training
that prepares engineering students for practice in dynamic, global contexts, (Allan, M., &
Chisholm, C. U. (2008)), our curriculum addresses the pillar of International Experience. The
curriculum includes an innovative short-term study abroad program where tour students are
asked to implement an engineering project in another country. This satisfies ABET’s student
outcome 2 and 5 that require engineering students to be able to “understand the impact of
engineering solutions in a global and societal context.” (Downey, G. L et al. 2006).
In Mount Union engineering programs, the pillar of Hands-on Experience is satisfied all through
the programs. A careful examination of the curricula will show that they consist of a mix of
theoretical lecture courses combined with practical laboratories. Almost all of our undergraduate
courses have companion laboratory experiences to complement the lecture experience. Electrical
and Computer engineering students will be asked to put together significant hands-on and/or
design tasks at all stages of their study.

5. Flowchart for Electrical and Computer Engineering Curricula
To enable students, understand the concept and importance of pre-requisite, the course flow
diagram for EEE and CPE is shown in Figures 9 and 10, respectively. These flow graphs are
used for advising students and letting them know that higher-level causes require prerequisite
lower-level courses that must be completed and in many cases with good grades. These figures
show that the math, basic sciences, and introductory engineering courses must be taken in the
first year to facilitate a smooth sequence of completing the 4-year plan.

Figure 9: Electrical Engineering Program Flow Chart
Both EEE and CPE curricula were designed with the New ABET accreditation requirements in
mind. It ensures that upon graduation, students have achieved the following student outcomes:
Principles [1]: an ability to identify, formulate, and solve complex engineering problems
by applying principles of engineering, science, and mathematics
Design [2]: an ability to apply engineering design to produce solutions that meet specified
needs with consideration of public health, safety, and welfare, as well as global, cultural,
social, environmental, and economic factors
Communications [3]: an ability to communicate effectively with a range of audiences
Responsibility [4]: an ability to recognize ethical and professional responsibilities in
engineering situations and make informed judgments, which must consider the impact of
engineering solutions in global, economic, environmental, and societal contexts

Teamwork [5]: an ability to function effectively on a team whose members together
provide leadership, create a collaborative and inclusive environment, establish goals, plan
tasks, and meet objectives
Experimentation: [6]: an ability to develop and conduct appropriate experimentation,
analyze and interpret data, and use engineering judgment to draw conclusions
Learning [7]: an ability to acquire and apply new knowledge as needed, using appropriate
learning strategies

Figure 10: Electrical Engineering Program Flow Chart
For a selected number of courses up to the Junior year, the ABET Student Outcomes Indicators
(SOI) has been developed and we have started to collect data to support these outcome
indicators. For example, for the course EEE 234 Digital Logic Design, the ABET student
outcome indicators will be evaluated for SOI 1, SOI 2, SOI 4, and SOI 7 as shown below.
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6. Conclusion
The ongoing development of Electrical and Computer engineering programs at the University of
Mount Union is represented in this paper with the aid of concept maps and course flowgraphs.
The roll-out of the programs has been successful. As we extend our work, the development of the
programs will continue until the graduation of the first set of students in spring 2022. This will

culminate with the accreditation of the programs. Consequently, the program's success or failure
will be evaluated. Meanwhile, the curricula will continue to evolve in response to the rapid pace
of technological change and new demands from our stakeholders. A major concern is how to
adapt to the new challenges of remote teaching and learning due to the COVID-19 pandemic. A
hybrid course offering consisting of recorded lecture videos and other hybrid methods of
teaching are being considered. Coupled with the present concerns of budget cuts, efforts are
being made to prioritize the development process. We are confident that we can work out any
challenges and eventually make the programs successful.
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